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JOURNALCLUB Golgi localization signals
One of the long-standing goals in studies of membrane traffic has been to understand how particular proteins reside indefinitely in a particular organelle while other proteins pass through the compartment freely until they reach their final destination. Early work concentrated on sorting signals which would cause the transfer of proteins to a particular compartment 1.
More recently workers have focussed on retention signals which cause a protein to remain in a particular compartment while other proteins pass through by bulk flow 2. The existence of signals for the sorting of lysosomal hydrolases to the lysosome is now well-established 3. Similarly, retention signals on proteins which reside in the endoplasmic reticulum have been characterized extensively 4. The mechanisms causing the characteristic localization of Golgi-resident proteins in the cis, medial or trans compartments have until now remained elusive. However, recent work from three laboratories 5-7 implicates the transmembrane segment of Golgi-resident proteins in their retention.
To define the signal for retention of the proteins in the Golgi complex, segments of Golgi-resident proteins were inserted into proteins usually destined for other cellular locations and the localization of the chimeric proteins monitored. In a similar manner, retention of Golgi-resident proteins was disrupted by excision and replacement of putative sorting signals. In all three studies, Golgi retention seemed to be conferred by the transmembrane domain, although the efficiency of Golgi retention varied with the expression level of the protein in question. Optimal efficiency also required some input from the membrane-flanking sequences.
Examples of Golgi retention
Swift and Machamer s examined the mechanism for Golgi localization of a model cis Golgi protein,' E1 of the coronavirus infectious bronchitis virus. This protein contains three membranespanning domains, but only the first appears to be essential for Golgi retention 8. Mutants of E1 containing only the first transmembrane domain are ef-2 ficiently retained in the Golgi. Chimeric proteins containing the first transmembrane segment of E1 and the cytoplasmic tail and lumenal domain of two plasma membrane proteins (Vesicular Stomatitis virus G protein or the ~-subunit of chorionic gonadotropin anchored to the membrane by the G protein tail) were also efficiently retained in the Golgi. The chimeric proteins, like El, appeared to be transported only as far as the cis Golgi, since their oligosaccharide side chains did not acquire resistance to Endoglycosidase H. Conversely, when the transmembrane region of the E1 construct was replaced by the transmembrane domain of G protein the resulting chimera was expressed at the plasma membrane. Single amino acid mutations within the transmembrane domain, which disrupted a set of uncharged polar residues lining the face of a predicted s-helix, allowed transfer to the plasma membrane. However, the same mutations in full length E1 did not release the protein from the Golgi, suggesting that other parts of the protein may play an accessory role in retention. This idea is strengthened by the finding that the E1 protein of another coronavirus appears to require nearly all of the coding sequence for correct Golgi localization 9.
Nilsson et al. 6 looked at the retention of the trans Golgi-resident protein, galactosyl transferase. This is a type II protein with an amino-terminal cytoplasmic tail and a single transmembrane signal-anchor region, lnvariant chain, another type II membrane protein with a single transmembrane signal-anchor domain, is targeted to the plasma membrane and the endosomes. Chimeric constructs possessing the cytoplasmic tail, transmembrane domain and a few lumenal amino acids from galactosyl transferase fused to the lumenal domain of invariant chain were retained in the Golgi. Further analysis showed that the important region for Golgi retention of galactosyl transferase-invariant chain chimeras was the lumenal half of the transmembrane domain plus the few lumenal amino acids from the original construct. Efficient Golgi localization required a cytoplasmic domain, but domains derived from invariant chain or galactosyl transferase appeared to serve equally well. Immunoelectronmicroscopy showed the chimeric molecules to be retained in the transmost cisternae of the Golgi.
Munro 7 examined the localization signal for the trans Golgi-resident type II membrane protein, sialyl transferase. He fused the cytoplasmic tail, transmembrane and lumenal stalk domains to the secretory protein lysozyme. The resulting hybrid was retained in the Golgi. The plasma membrane protein dipeptidylpeptidase IV has a similar topology to sialyl transferase. By constructing hybrids containing the cytoplasmic, transmembrane or lumenal stalk from either protein, Munro demonstrated that the transmembrane domain conferred Golgi retention. Additionally, he demonstrated that if the transmembrane region of sialyl transferase was exchanged with one derived from dipeptidyl peptidase, the protein was expressed at the plasma membrane. A lysozyme fusion protein containing only the transmembrane domain from sialyl transferase showed some leak through to the plasma membrane. This suggests that the flanking sequences on either side of the membrane augment the efficiency of retention. The importance of the flanking sequences was further demonstrated by a fusion containing the cytoplasmic and lumenal domains from sialyl transferase with a transmembrane stretch of 17 leucines, the same length as that found in sialyl transferase. This was efficiently retained in the Golgi, whereas an identical construct containing 23 leucines was transported to the plasma membrane. An interesting observation was that, in all cases where retention in the Golgi was efficient and no plasma membrane leak was observed, high expression levels led to the protein 'backing up' in the endoplasmic reticulum.
These data need to be compared with earlier work which implicated the © 1992, Elsevier Science Publishers, (UK) cytoplasmic tail in Golgi localization. For example, experiments by Luzio et al. ~° showed that deletion of the cytoplasmic tail of a Golgi-resident protein, TGN38, allowed its transfer to the plasma membrane. Further work on this protein will be needed to establish whether the transmembrane region could cause retention in the presence of a heterologous cytoplasmic tail or if the TGN38 cytoplasmic tail can itself mediate Golgi localization of a non-Golgi protein.
Possible mechanisms for Golgi retention
It appears that, in general, the bulk of the lumenal domain is not involved in Golgi retention. The lumenal domains of many Golgi-resident proteins, if proteolytically clipped, are efficiently secreted. It is probably also significant that there are no known soluble Golgiresident proteins. This could well be due to the constraints of the Golgi retention mechanism. Some hint as to the mechanism may come from the common observation that overexpression of Golgi-resident proteins generally leads to their accumulation in the endoplasmic reticulum rather than leak through to the plasma membrane of chimeric and near native proteins. Protein constructs that did 'leak through' to the plasma membrane probably contained a slightly impaired Golgi localization signal. Perhaps these proteins were retained by only one out of several accessory mechanisms that must all be functional for completely efficient Golgi retention.
Several possibilities for a retention mechanism can be envisaged and it could well be that several mechanisms act simultaneously in a fail-safe loop to maintain retention efficiency. One of the most simple mechanisms which can be envisaged would be if the transmembrane region of various resident proteins recognized one another in the plane of the bilayer, to form a loosely interacting network, similar to that suggested for resident endoplasmic reticulure proteins". This type of mechanism could easily explain the accumulation of Golgi proteins in the endoplasmic reticulum upon overexpressiononce the Golgi protein concentration became high enough the Golgi proteins would This idea could be tested by checking whether overexpression of one Golgiresident protein leads to the retention of other newly synthesized Golgi proteins in the endoplasmic reticulum. Another possible mechanism specifying Golgi localization would be a protein within the lipid bilayer of Golgi subcompartments which specifically bound or recruited resident proteins. This protein might be attached to an external scaffold (the 'Golgi glue') which would then immobilize the relevant proteins within a particular cisterna and could also join adjacent cisternae together. Other variations on this theme can be imaginedfor example, the scaffold could be on the inside of the cisterna rather than on the cytosolically disposed face of the Golgi. Protein-protein interactions in the membrane might be facilitated by the ionic or lipid composition of the compartment in question and strengthened by interactions between the membraneflanking sequences. All of these processes would act by restricting the access of associated proteins to the budding regions of the cisternae. An accessory mechanism to guarantee fidelity of Golgi localization might involve a recycling receptor scavenging through the Golgi stack and returning mislocalized proteins to their correct location.
It is likely that within the next few years our understanding of the mechanism of Golgi retention will become much clearer. An important step along the way has been the demonstration of a role for the transmembrane domain in that process.
